Calculation from our average values for the increase in haemoglobin during the injection of iron shows that to cure an anemia of ordinary severity it would be necessary to inject the maximum official dose of Injectio Ferri B.P. every day for four months. The only safe way in which to obtain approximately as good an effect with iron by injection as by mouth, would be to inject double the maximum official dose of Injectio Ferri B.P., i.e. 4 c.c. or 14 mgm. of metallic iron, twice daily for about six weeks. In the great majority of instances such therapy would be intolerable to the patient, and fantastically expensive as compared with the administration of iron by mouth.
The quantitative objection to parenteral iron therapy may be illustrated in another way. The average woman has a total volume of about 5,000 c.c. of blood. To increase her haemoglobin from 35 to 100%, the task with which she is faced in a severe hypochromic anaemia, she must manufacture 10 grm. of haemoglobin per 100 c.c. of blood, or 500 grm. of ha3moglobin in all. As haemoglobin contains 03% of metallic iron, she will need 1,500 mgm. of metallic iron for this purpose. If she received 4 c.c. of Injectio Ferri twice daily, i.e. 28 mgm. of metallic iron a day, and if she converted the whole of the injected iron into hoemoglobin, she would still be unable to raise her haemoglobin to normal until she had had fifty-four days of this treatment. It is interesting to see how closely the result of this theoretical calculation agrees with the estimate made in the preceding paragraph from the rate of increase in haemoglobin actually observed in these experiments.
In conclusion, we can only reiterate our opinions in the words of Heath, Strauss and Castle, that weekly or bi-weekly injections of iron, especially when minute doses are given, are practically useless, and that, except in rare instances, the administration of iron by the parenteral route should be avoided. REFERENCES. FONTES, G., and THIVOLLE, L., Le Sang, 1933 , vii, 209. HARE, DOROTHY, Proc. Roy. Soc. Med., 1933 , xxvi, 631. HEATH, C. W., STRAtISS, M. B., and CASTLE, W. B., Journ. Clinical Investigation, 1982 , xi, 1293 STARKENSTEIN, E., Ergeb. d. ge8amt. Med., 1930, xiv, 565. WITTS, L. J., Guy's Hosp. Reports, 1980 , lxxx, 253. WITTS, L. J., Proc. Roy. Soc. Med., 1933 The Toxic Effects of Substances of the Carbon Tetrachloride Type By Sir WILLIAM WILLCOX, K.C.I.E., C.B., C.M.G., M.D., F.R.C.P. SUBSTANCES of the carbon tetrachloride group are coming into increasing use for many commercial purposes, and we are meeting with cases showing their toxic effects. The group is a fair-sized one, and the toxic effects vary according to the time factor, and many other conditions, as I shall be able to illustrate.
These substances have been known for many years, and on looking into the old literature we find that many of them have been used for anaesthetic purposes and afterwards discarded. Carbon tetrachloride, for example, was used many years ago, i.e. at about the time that chloroform was introduced. It was found to be inferior as an anesthetic and more dangerous than chloroform and its use for that purpose was discontinued. So, though toxic effects from these substances are now coming to light, we find that they also occurred and were known years ago.
All these drugs are anaesthetics; they have a toxic effect on the brain, they are fat-soluble and are quickly absorbed, and they act on the grey matter, producing narcotic effects.
On several occasions I have called attention to the danger of liver poisoning arising from this group of drugs which cause toxic jaundice. The liver is the great FEB.-THERAP. 2 * protector against poisons; it is the organ which usually is the first to give up its life, as it were, for the sake of the rest of the body, by absorbing the poison, so that effects on the liver are common and are well known. It has always been my belief that the toxic effects of a drug depend on the percentage of it in the blood at any particular instant. That is especially so with a drug like chloroform. Waller showed that if you have 6% of chloroform in the air which is inhaled, a few breaths of it may kill, whereas you may breathe a 2% chloroform vapour for many hours without experiencing danger. That is the explanation, I think, of the variability of the toxic effects. For example, in 1909 a young woman was having her hair shampooed with carbon tetrachloride at a London store, when she fell back dead. The experiments which one made at that time showed that in shampooing hair you might get about 5% tetrachloride in the air, the inhalation of which would cause a relatively high concentration in the blood. This girl died of heart failure; the poison acted on the heart muscle, and probably that was the cause of the death.
With regard to its use as a shampoo for ladies, so much publicity arose from this case that Sir Archibald Bodkin, who defended for the stores, and appreciated the danger involved in this use of carbon tetrachloride, agreed to the abolition by the Home Office of its use for this purpose. I have recently found that carbon tetrachloride mixed with petrol is being used by hairdressers, and have seen a case of faintness followed by jaundice and liver disturbance from the use of the mixture.
One knows that in the terminal effects of "hypohepatism," i.e. the cessation of liver function consequent on acute necrosis of the liver (acute yellow atrophy) jaundice occurs as do all the other effects of damage of the liver with loss of function. In these cases in the last two or three days there occurs a rise of blood-urea, the presence of albumin and casts in the urine, also red blood-cells in the urine. In other words, the kidney meets its fate soon after the liver function is checked, and the disability of the two organs goes hand-in-hand.
Recently I saw at the Royal Naval Hospital at Chatham, three cases under the care of Captain S. F. Dudley, R.N., F.R.C.P. The patients had been submitted to the vapour of carbon tetrachloride from fire extinguishers. In all of them, probably due to the rapid way in which the vapour was inhaled, the impact of the poison fell, not as I thought it would do, on the liver, and not on the brain, but on the kidney and all three patients had marked impairment of renal function. One case was one of the most remarkable that I have seen; there was a complete suppression of urine for ten days. Thanks to the efforts of Captain Dudley and his colleagues, the patient recovered and is now well. Ten days is the longest period of suppression of urine after which I have known recovery to ensue. The remarkable phenomena of this man's illness were due to the cessation of renal function for ten days. There was one other case, which I did not see, but of which careful records have been kept.
Below I will give the names of some of the substances in this group, and their properties.
Methyl chloride (CH3Cl) is a -gas, which boils at -23 7°C. It is used for refrigerators, and these refrigerators sometimes leak. In America a number of cases have been reported of methyl-chloride poisoning due to leakage from refrigerators. It has a toxic action on the nervous system, and the symptoms produced are of cerebral type. Dichlormethane (CH2Cl2). This boils at 420 C. and it was used some years ago as an anasthetic. Fatalities from this use were reported in 1869, 1884, 1890, 1891. In consequence of its danger as an anesthetic its employment was given up. It is a fat solvent. Chloroform (CHCl8). Boiling point 610 C. This has been used for a great many years as an anssthetic, and occasionally toxic effects occur, owing perhaps to a special hypersensibility to the drug. You are familiar with the toxic effects of chloroform in causing respiratory or cardiac failure. Less commonly delayed chloroform poisoning may occur in which there is a " knock-out " toxic blow on the liver, causing defect of liver function, jaundice and death; while in the terminal stages of this condition the kidney is affected and uraemia also occurs.
Carbon tetrachloride (0C14). This boils at 760 C. It has been used as an anesthetic, but its use was given up. It is now largely employed as a solvent for dissolving fat, resins, etc. It is also used internally for ankylostomiasis. A considerable number of deaths have been recorded as resulting from this, and there has been found acute necrosis of the liver (acute yellow atrophy) and in other cases cirrhosis of the liver with marked evidence of damage to it.
Most of these substances are non-inflammable. Carbon tetrachloride is used in a special type of fire extinguisher; the substance is squirted on to the fire and the vapour, which is over five times the density of air, puts out the fire by preventing the access of air. This vapour is very toxic. I would again call your attention to the risk of suppression of urine and the danger of renal damage from the use of fire extinguishers containing carbon tetrachloride.
In the case which I mentioned above a fire had occurred in the chart-room of a ship, and twelve times the patient went into that room, for two minutes each time, and squirted this substance on to the fire. In doing so, he naturally inhaled a large quantity of the vapour. Two days afterwards his kidneys refused to act. The fire occurred on May 3, 1933, and from May 5 to May 16, he passed only 232 ounces of 2lrine, and even this had to be drawn off by the catheter. The urea was 112 mgm.
per 100 c.c. on May 7, 281 mgm. per 100 c.c. on May 15. There was no jaundice, nothing more than a slightly yellow look, the icterus index being only the maximum of what is regarded as normal. At the end of ten days the kidneys began to work again, and the patient made a good recovery. During the uremic period muscular twitchings occurred but no convulsions. iHe had persistent vomiting with haematemesis and melana. When the kidneys began to recover from the toxmmic condition as shown by the passage of urine, recovery from the symptoms and uraemic state was rapid.
It is important that notice should be taken of this most remarkable case because these fire-extinguishers are being largely used. In the three other cases the uraemia was so latent that if the blood-urea had not been tested and the urine examined it would scarcely have been recognized that the symptoms were due to the effect of carbon tetrachloride on the kidney. In one of the cases several severe convulsions occurred. I do not propose to give further details of these cases because they are being published by Captain Dudley. Bromoform (CHBr8). Boiling point 148°C. I include this among the substances because it is occasionally used for whooping-cough. That is practically the only purpose for which it is employed. It is a dangerous toxic substance and there have been deaths recorded from its use.
Ethylene Group.
Di-chlor-ethylene (C2H2C12). This boils at 480 C. or 600 C. There are two isomeric forms. It is used for the removal of fats, and sometimes for dissolving iodine, for surgical purposes. It is a toxic substance.
Tri-chlor-ethylene (C2HC13). Boiling point 880 C. This has been largely used commercially for removing fat and as a solvent. It has also been employed as an anesthetic, but it does not keep very well, and it is not such a safe ansesthetic as chloroform. I saw in November 1932, a case, which was under my colleague Dr. Reginald Miller, to whom I am indebted for publishing this account. The patient (R.P.) was a boy aged 16 and he was engaged in some works where safety-razor blades are plated. Before admission to hospital he had had jaundice for a month, and he was admitted to St. Mary's Hospital under Dr. Miller on October 19, 1932 . The icterus index was 240; there was a little albumin in the urine, he had frequent vomiting but the temperature was normal. The liver was enlarged, but the gallbladder was not. The van-den-Bergh test showed an indirect positive, and, as is found in these deeply jaundiced cases, a bi-phasic reaction. It was obviously a toxic and not a catarrhal jaundice, He had jaundice for three months. The livulose test for liver function was positive, showing defective function of the liver. Gradually the jaundice cleared up, the liver became normal in size and the boy recovered.
Dr. Reginald Miller asked me to see this patient, and I at once suspected one of these toxic substances as the cause. The boy told me that his work consisted in dipping safety-razor blades into a sweet-smelling liquid, which was contained in a tub. This removed the fat, and then the blade was plated. On inquiry we found that there had been other cases of illness in the factory, amongst those engaged in the same occupation, though no others with such deep jaundice. It became evident that this was a case of toxic jaundice due to inhalation of tri-chlor-ethylene vapour.
Tetra-chlor-ethylene (0204). Boiling point 1100 to 1200. Sometimes used as a solvent of fats, is very toxic.
Ethane Derivatives.
Ethyl chloride (C2H5C1). Boiling point 120 C., is a volatile liquid. It is used as a local-and also as a general-anaesthetic. It is not very toxic, but there have been cases of death from its action on the brain and the heart, also from its effect on the liver, causing toxic jaundice. Tetra-chlor-ethane (C2H2C14). Boiling point 140°C. This is rarely used now, but it was largely in use before the war. It is a solvent of cellulose. Just before and in the early days of the war it was used as a constituent of the cellulose solution for varnishing aeroplane wings, and, as vou remember, there was a great outbreak of toxic jaundice in all the aeroplane factories of the country. The first case (G. M.) of the kind came to my out-patient department at St. Mary's Hospital in 1914. I diagnosed it as toxic jaundice due to some chloroform-like substance. The patient was admitted as an in-patient to another hospital where his case was diagnosed as one of acute yellow atrophy of the liver. The man died, and owing to the representations of his widow that the death was due to his occupation, a coroner's inquest was held. Sir Bernard Spilsbury made the post-mortem examination and said that the death was probably due to some poison, the nature of which required investigation. The case came back again to me at this stage and we carried out investigations. We were informed of the composition of the cellulose varnish and it was clear that the toxic constituent was tetra-chlor-ethane. We found that it caused acute yellow atrophy in animals if it had been inhaled by them, and that this was undoubtedly the substance which had caused this patient's death. I afterwards inspected many of the aeroplane factories in which this cellulose varnish was used and found large numbers of cases of incipient jaundice amongst the workers; several suffered from vomiting in the morning, headache, drowsiness and slight icterus. I also found some cases of cirrhosis, with ascites in people who had been exposed to this substance. A number of deaths occurred from toxic jaundice amongst these workers. As a result of these investigations the use of tetra-ehlor-ethane was abolished. Some other solvent of cellulose was discovered, which was non-toxic, and now practically no cases of the kind occur. However, this substance is still used occasionally as a solvent of cellulose for varnishing small articles, and the late Sir Thomas Legge told me that several cases had been reported of jaundice from tetra-chlor-ethane when it was used on a small scale, showing how dangerous it is.
